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Endocytosis of excitatory glutamate receptors from the postsynaptic plasma membrane 
plays a fundamental role in synaptic function and plasticity. In a recent study published in 
Neuron, Lu et al. (2007) describe protein interactions that link zones of receptor endocy-
tosis directly to the postsynaptic scaffold and propose that local trafficking of receptors 
facilitated by these endocytic zones is required to maintain synaptic responsiveness.Synaptic plasticity, widely consid-
ered the cellular basis for learning 
and memory, is mediated in the hip-
pocampus largely by changes in the 
number of AMPA-type glutamate 
receptors (AMPARs) on individual 
“spines” protruding from the den-
dritic plasma membrane (Malenka 
and Bear, 2004). Each spine mediates 
a distinct synaptic input, and under 
physiological conditions, plasticity 
occurs selectively at some synapses 
but not others. How do neurons mod-
ify the number of AMPARs selectively 
on individual spines?
In a recent issue of Neuron, Lu et al. 
(2007) provide an important clue based 
on their studies of AMPAR endocyto-
sis. Clathrin-dependent endocytosis 
of AMPARs is stimulated by synaptic 
activity and occurs primarily in regions 
of the plasma membrane termed post-
synaptic endocytic zones (EZs). EZs 
are localized in the spine adjacent 
to a dense network of scaffold pro-988 Cell 130, September 21, 2007 ©200teins called the postsynaptic density 
(PSD) (Figure 1). Lu et al. hypothesized 
that Homer—a protein that is highly 
expressed in neurons and binds to both 
the PSD-embedded protein Shank and 
the endocytic protein dynamin-3 (Gray 
et al., 2003; Tu et al., 1999)—could 
be the lynchpin in a series of interac-
tions that physically links the EZ to 
the PSD. To test this hypothesis, they 
inhibited the interaction of Homer with 
either Shank or dynamin-3 in cultured 
neurons by overexpressing mutant 
versions of dynamin-3 or Shank that 
could not bind to Homer and then 
used fluorescence microscopy to 
examine effects on the localization of 
EZs. Consistent with their hypothesis, 
EZs became mislocalized away from 
synapses when interactions between 
dynamin-3 and Homer, or Homer and 
Shank, were disrupted. Furthermore, 
depleting endogenous dynamin-3 from 
hippocampal neurons using RNA inter-
ference also caused the mislocaliza-7 Elsevier Inc.tion of EZs. In these neurons, expres-
sion of wild-type dynamin-3—but not 
dynamin-3 mutants lacking domains 
required for oligomerization or binding 
to Homer—rescued appropriate local-
ization of EZs adjacent to the PSD.
These results indicate that a mul-
timeric protein complex involving 
Homer keeps the EZ closely situated 
at the periphery of dendritic spines. 
But what is the functional significance 
of this exquisite spatial organization? 
Lu et al. observed that mislocalization 
of EZs selectively inhibited AMPAR 
endocytosis but not clathrin-depen-
dent endocytosis of transferrin, a 
distinct cargo that is endocytosed 
primarily from extrasynaptic regions. 
More surprisingly, despite markedly 
delayed endocytosis of AMPARs in 
neurons where EZ localization was 
disrupted, the steady-state number 
of AMPARs present on spines actu-
ally decreased. This result, estab-
lished initially by antibody staining, 
was confirmed functionally 
by measuring miniature excit-
atory postsynaptic currents. 
Moreover, repopulation of the 
spine membrane by endocy-
tosed AMPARs was delayed 
in spines lacking a nearby 
EZ, suggesting that localized 
endocytosis is required for 
efficient recycling of AMPARs 
to the spine.
How could clathrin-coated 
pits localized to EZs selectively 
promote recycling of AMPARs 
to spines? One possibility is 
that coated pits formed at the 
EZ are functionally different 
from those formed elsewhere 
on the neuron and selectively 
direct endocytosed receptors 
to a recycling pathway. This 
pathway is perhaps analogous 
to a subset of coated pits that 
have been described in non-
neural cells, which contain 
distinct membrane cargo that 
can be delivered to endo-
somes that differ in their ability 
to recycle (Lakadamyali et al., 2006; 
Puthenveedu and von Zastrow, 2006). 
Another possibility is that endocyto-
sis of AMPARs from EZs generates 
endocytic vesicles that preferen-
tially fuse with spine-localized recy-
cling endosomes, perhaps simply 
as a consequence of local proximity, 
whereas endocytic vesicles gener-
ated elsewhere in the dendrite tend 
to fuse with endosomes that promote 
recycling less efficiently. The authors 
favor the latter hypothesis, propos-
ing that the spatial localization of EZs 
adjacent to the PSD establishes an 
isolated endocytic pathway mediating 
AMPAR cycling that is restricted to a 
single spine. This is an attractive idea, 
particularly in view of the synapse-
specific nature of plasticity observed 
physiologically, but it remains to be 
tested directly. Although components 
of both the recycling and biosynthetic 
pathways have been localized close 
to and within spines, potentially 
consistent with the occurrence of 
spine-restricted trafficking, there is 
also evidence that shared trafficking 
machinery may serve multiple spines 
(Cooney et al., 2002).
An important next question, there-
fore, is whether AMPARs endocy-
tosed from EZs are locally reinserted 
directly into the adjacent spine or 
PSD, or whether AMPAR trafficking 
to the spine involves longer-range 
lateral movement following more 
distant exocytic insertion. Endocytic 
events persist visibly as maturing 
coated pits for seconds to minutes 
before the endocytic vesicle pinches 
off, making the location of AMPAR 
endocytosis relatively straightfor-
ward to determine using conven-
tional imaging methods. Exocytic 
events mediating receptor insertion 
into the plasma membrane are much 
more fleeting, typically occurring 
within milliseconds, presenting fun-
damental challenges of both spatial 
and temporal resolution that are 
only now becoming surmountable 
(Yudowski et al., 2006).
The current discussion of local ver-
sus long-range endocytic trafficking 
of postsynaptic AMPARs is reminis-
cent of that regarding endocytic traf-
ficking of synaptic vesicle membrane 
proteins at the presynaptic terminal 
(Heuser and Reese, 1973). Several 
components of the synaptic 
vesicle membrane, previ-
ously thought to cycle locally 
with little sharing or exchange 
between adjacent presyn-
aptic terminals (Murthy and 
Stevens, 1998), now appear 
capable of rapid exchange 
(Fernandez-Alfonso et al., 
2006). Whether postsynaptic 
cycling of AMPARs is strictly 
confined to individual spines 
or is capable of mediating 
receptor “sharing” among 
neighboring or even distant 
spines remains a fascinating 
question with fundamental 
implications for understand-
ing synaptic function and 
plasticity. The elegant studies 
of Lu et al. make an important 
step toward addressing this 
issue and provide compelling 
evidence that, when it comes 
to endocytosis of neurotrans-
mitter receptors, location 
really matters.
RefeRences
Cooney, J.R., Hurlburt, J.L., Selig, D.K., Harris, 
K.M., and Fiala, J.C. (2002). J. Neurosci. 22, 
2215–2224.
Fernandez-Alfonso, T., Kwan, R., and Ryan, 
T.A. (2006). Neuron 51, 179–186.
Gray, N.W., Fourgeaud, L., Huang, B., Chen, J., 
Cao, H., Oswald, B.J., Hemar, A., and McNiven, 
M.A. (2003). Curr. Biol. 13, 510–515.
Heuser, J.E., and Reese, T.S. (1973). J. Cell Biol. 
57, 315–344.
Lakadamyali, M., Rust, M.J., and Zhuang, X. 
(2006). Cell 124, 997–1009.
Lu, J., Helton, T.D., Blandpied, T.A., Rácz, B., 
Newpher, T.M., Weinberg, R.J., and Ehlers, 
M.D. (2007). Neuron 55, September 20 issue. 
10.1016/j.neuron.2007.06.041.
Malenka, R.C., and Bear, M.F. (2004). Neuron 
44, 5–21.
Murthy, V.N., and Stevens, C.F. (1998). Nature 
392, 497–501.
Puthenveedu, M.A., and von Zastrow, M. (2006). 
Cell 127, 113–124.
Tu, J.C., Xiao, B., Naisbitt, S., Yuan, J.P., Pe-
tralia, R.S., Brakeman, P., Doan, A., Aakalu, 
V.K., Lanahan, A.A., Sheng, M., and Worley, P.F. 
(1999). Neuron 23, 583–592.
Yudowski, G.A., Puthenveedu, M.A., and von 
Zastrow, M. (2006). Nat. Neurosci. 9, 622–627.
figure 1. Local endocytic Trafficking of AMPA Receptors
A multimeric protein complex involving the protein Homer 
links dynamin-3 in the endocytic zone (EZ) to Shank, a 
protein associated with the postsynaptic density (PSD). 
These interactions keep the EZ adjacent to the PSD in the 
spine and allow AMPA receptors (AMPARs) released from 
the PSD to be internalized before they leave the spine. 
This local endocytosis ensures that AMPARs are efficient-
ly recycled back to the same spine (solid arrows). In the 
absence of an adjacent EZ, AMPARs released from the 
PSD diffuse out of the spine (dashed arrow). Although they 
might be endocytosed and recycled from more remote lo-
cations, receptor diffusion would make their retrieval to 
the spine less efficient.Cell 130, September 21, 2007 ©2007 Elsevier Inc. 989
